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BEEAVIOR OF AVIATION ENGINES AT DI.EIE' RENT AIR DENSITIES.™*

By
0. Schwagex.

At a meeting of the Solentific Soclety for Aviation, ¥arch
13, 1920, the questlon was brought up, as jbo what iafluénde the
low temperasures and alr densities at high altitudes exert on
engine rower. The writer expressed the view that it would be
affected only at very low lemperaturss, and thls on acoount of
the effeotr on the ocarburetion. Mr. Koenig maintalnsd that the
engine would f1ill even vetter with a falling tenperature and
constent density of the surrounding alr since the welght of the
oylinder charge would be less affected by the preliminary heat-
ing of the air. The latter view, however, 1s erroneocus for the
following reasons: '

Aside from humldity, the denslty of the air depends on two
factors: elr pressure and temperature. The air density is rep-

~esented by the equation ¥ = —Ef—q, For example, if ¥ is 0.6

kg/ou.m. , it may result either from a high temperature and a

high pressure or from a low temperature and a low pressure.
Let % = 30°C ir ons oase and -30° in the othsr. The
pressures for Y = 0.6 are then fourd:
1. For % = +30°
P=9YRT=0.6 29.36 (273 + 30) = 5320 kg/sd.m.
8. For % = -30°

P= YRT=0.6 29.36 (375 - 30) = 4360 kg/sq.m.

* From "Zeitschrift fir Flugtschnik und Motorluftschiffahrt,"
March 351, 1920. X
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If theo tempersture of the air sntering the carburetor is

raised 30° by the preliminary heatling, wa then obtaln for its

densliyr:
" w . P _ 5330 .
L. Y= 9% =353 (273 + 50 ¢ 30) ~ CU-5%6 keg/ou.n.
3y o= i 4620 = 0.533 kg/ou.m.

“RT 39.36 (373 - 30 + 30)

The sbove ¢..loulations demonstzate that, with the ssme denel-

ty and lowexr temperaturs, like heating exerts a greatsr reducing
influenos on the weight of a oylinder charge than at a higher
texperature.

Reelly this result was to be antloipated, sincs like Leating
is relatively greater at low than at high temperatures. In renl-
ity, howevsr, the heating 1s about the same. 4t very low outside
tenperatures, th? crank ocase is naturally colder than at highar
ovtelde temperatures, % still with o dirfersnce of 80° in the
outslde temperaturs, the difference in the temperature of the
orank osse walls will be somewhat less than 60°, For examéle,
let us assume a difference of 30° in the iemperature of tke scrank
cage walls. With =n outside temperature of +30°, the temperature
of the orank cass walls is gbout 60° zpd =ith an ouiside tempera-
ture of -30° and the same loading of the engine, 60 — 30 = 40°,
In the preliminary heating of the alr, we accordingly have, at
+30° outeide temperature, a temperature rise of S0 — 30 = 30°,
and at -30° oubeide tempsrature we have & Tise of 40 - (-30) = 70°

The amount of the preliminary heating at a lower outside tempeze~
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ture would acocordingly be greatsr, rather than smaller. ike
welicht of a oylinder chargs 1s therefore amaller at low tempera~
tures than at aigh temperatures, with the same densiiy of tre
outsile air. The difference however islso slight as to be prac-
tivally negliglble.

The ocarburetion is affeoted by great differences in tempera-
ture, but even here any conslderable influence is only exerted by
very low temperaturss, es shown by the following consideration.

Even a% -18° the air is saturated with the quantity of gas-
oline required for good combustion. At -15° i1ts degree of satur-
ation is 85%, when all the fuel possible has been evaporated (Fig.
1). With the cooling of the gasoline of about 30° from evapora-
tlon, a temperature of +15° of the inflowing air 1s sufficient
for oomplete carburetion. Thsrefore an average preliminary heat-
ing of the air of 30 to 36° will produce complete carburetion
7ith en outside temporature of -15 o —20°.

At st111 lower temperatures, the carburetion will be no lon-
ger oomrplste, but t_he fuel will be partially held 1n the mixture
irn the form of & mist.. According to the neture of this mist,
whether sozrse or fine, there is more or less danger of its sops- '
ration in passing from the oarburetor to the cylinders. High air
velooity et tze s:pre.y:‘.r.g nozzle and in the intake pipes Ffaoiliizis
the formation and retention of a fine mist. The higher thess ve-
loolties are, the smaeller 1s the danger of separation and oconse-
Quent effect on the combustion., In aviation engines, the air and
gas velacitles are relatively hign and the danger of separation



-4 -

vary small, sc trhat ozly very low temperabures cen have any cor-
siderable influenoce on tha carburetion. Some improvement ocan bs
cffected however by heating the intake pipes. Tita carefully ar-
ranged gas ripes, howsver, such heating of the pipes may be omit-
ted witkout detziment to the funotloning of the engline.

It may be sa.fh‘ely assumed that, down to outside temperatures
of -30%, the proper funotioning of the ocarburetor will not be
seriously affeoted. Up to altitudes of about 7000 meters, no
change in %the carburetion detrimental to the combustion may be
expocted from low temz.aera:bures and consequent separation of the
nixture of fusl and alr. The efflcienay of the angine may be
affsoted however by exceptionally low temperatures. In altituce
record fligkts precautlonary meesures must accordingly ve adopted
for the oarburetor, such as the preliminary heating of the inflow-
ing air or the supplementsry heating of the mixzxture, possibly evsn
by the introduction of eleotric heaters into the gas olroculation.
Such measures {on account of the dimirution in the weight of &
oylinder chargs) will naturally reduce the engine efficienoy,
vhich faot may however be dlsregarded, "r'_nen it beocomes & qusstion
of ena._bling the engine to funoction at all at excsptionally low
temperatures.

Dowa to aiz temperatures of about +50° abd with the employ-
ment of high a.l‘bi":ut_le carburesora whioh esutomaticslly equallsge
the heat of the mixbture with ohanging air density, the indioted .
engine power N4 must remakn exaostly proportional to the air
denslty. Ths effaoctive engine powsr Na, on the contrary, will




deorease more rapldly.

The loss in engine vower (or friotion horsepowsr),
Ny = N2 .. Ny, 1s the reault, on the one hand, of the fristlon
of the driving gear and, on the othar hand, of the friotion i
“he oam gear, the lgnition, the water, oil and fuel pump, ocom- :
pressed air pump and any other auxiliary apparatus. The first
component depends on the load, henos cn the indicatec engine pow-
or ant¢ the air densidy, and is therafore relative. The other
component is almost independent of the load and consequently re—
mains uniform. The eonstant friction component in good aviation
englnes may bs assumed to gbsorb about 10% of the indlocated en—
gine power, while the component proportional to the air densiiy
absozbs about 553 at maximm engine powex. |

The engine power in zelation to the air demnsitr Y ox the
relative alr denplty p may be represented after a fashionm on the
basis of ths engiae power at i5°C and 760 mm. Eg. (Fig. 3).

Deviations from the curves thus ovtalned may of course oo~
our, but they ere of no practical impo:r:‘..a.'noe. Greater deviations
oocur when carburetors without altitudle reguietion ars used and
thege deriations may be elther upward or dommmard.

Thas effective engine power for' hlgher alir Jensitles duxirz
3 purt of the ourve will lie above the theoretlosl power for en—
glaes witk hlgh sititude carburstors, 1f ths engine has bsen ad-
Justed on the ground for rumning most esconomioally, thet is, witi
2 very "poor" combustible mixture. The mizture will then becoiie
ricker as the air d.ensi'{a.r diriniskes and the engine _T_:owe:"-.' i1l
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continue to rise akove 1ts theoretloal value until the most favoz-~
able ratio of fuel and air is reched. As the alr density still
further diminishes, the fuel mixwure becomee toc rich and the er-
gine power deoreases until 1t falls below the theoretical powe:x.
If the oa.r'burej:or hae been adjusted to 'g'lve' the nighest power on
the ground, then any inorsase in the fuel ratio will dim!nish the
englne power with reference to the theoretioally possible, so
that the power ouﬁ'es willl fall below the theoretiocal from the'
stert. |

While the altitude power curve of an engine prﬁided wlth an
automatio high altitude cerburetor Imay bs drawn with sufficlient
aocuracy, as explained above, for éng:\.nes wlth ordinary ocarbure-
tors the déviations from the theorstiocally possible powers oan
only be roughly estimated. The deviations could bs riore scourate-
ly determined, if-the englne were driven on the ground with the
fuel mixtures obtaining for the different air demsities and the
engine powers were determined independently of the heat values of
the alxtures. In this manner, the rsal engine rowers could be
more closely determined. The curves found could be verified by
subsequent counting of the r.p.m. in fligkt, with simultcnecus
determination of the air densities. Hereby the alrplans would
bevs to be driven at exaotly the same speed at all the differert
alr demsitles, Ir or»der to determine their influence on the rTevo-
lution spaed.

Buoh & method for determining the altitude engine poweré
would always be conceivable even though somevhat roundabout.
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The vacuur: chamber, free air tests and dynamometer hub naturally

glve more accurate results and are to be preferrsd.

Translated by the National Advisory Committee for Aeronautina,
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Cooling due to evaporation.

TemperatuTe of mixture.
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